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IL NUOVO CIMENTO VoT.. 52 A, N. 4 21 Agosto 1979 
Group-Theoret i ca l  Aspects  o f  Ins tantons .  
C. M_EY~RS, M. D~ ROO (*) and P. SOR~A 
CERN - Geneva 
(riccvuto il 23 Febbraio 1979) 
Summary. - -  We discuss the problem of embeddings in non-Abelian 
gauge theories. The (ir)redueibility of a gauge field configuration is 
characterized. For the specific case of instanton solutions we derive a 
practical criterion for SUn. In the general construction of self-dual 
solutions the reducibility of the gauge field implies certain symmetry 
conditions on the parameter space. We determine these conditions for 
Spn, On and SU~ • embeddings. 
l .  - Introduction. 
The set of gauge field configurations of a gauge group G contains, as par- 
ticular cases, gauge field configurations of subgroups of G. In  certain appli- 
cations it is important o know whether or not a gauge field corresponding to 
a group G is reducible to some smaller group included in G. In  particular, 
problems of this kind have been encountered in the construction of instantons 
(solutions of the Euclidean equations of motion of pure Yang-Mills theories) 
for gauge groups other than S U~. In  this paper we shall use group-theoretical 
methods to study various aspects of the problem of embeddings of gauge groups. 
We shall review some of the work which has already been done in this field 
and at the same time present a number of new results. 
The mathematical  characterization of embeddings has been given by 
])YNKIN (i). In  sect. 2 we shall present aspects of his classification which are 
(*) Present address: Instituut Lorentz, Leiden, the Netherlands. 
(1) E. DYNKIN: Mat. Sb., 30, 349 (1952), American Mathematical Society Translations 
(Providence, R. I . ,  1957), Ser. 2, Vol. 6, p. 111. 
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relevant to the problem of embeddings of gauge fields. In  particular, we shall 
see that  the Dynkin index plays an important role in the calculation of topo- 
logical charges. In  sect. 3 we shall give a theorem which provides necessary 
and sufficient conditions to recognize embeddings (3). 
Sections 2 and 3 are general in the sense that  the results given there apply 
to an arbitrary gauge field configuration. In the sections that  follow we shall 
specialize to instanton solutions. Let us recall that  until a few months ago 
the only explicitly known solutions of the Euclidean Yang-Mills equations 
were for the SU~-group (3). Several authors had written solutions for larger 
groups (~), which were, intentionally or nonintentionally, embeddings of SU~ 
in these groups, l~ecently an irreducible SUs solution was given (5), and with 
criteria we had obtained previously (3) we could show that  this solution was 
indeed irreducible. In sect. 4 we prove a similar criterion for S U~, which we 
have used to show that  a SU~ solution given in ref. (6) is also irreducible. 
The construction of ATIYAH et al. (7) gives in principle all self-dual gauge 
fields for any compact Lie group. The remaining problem is to write a matr ix  M 
which has a certain rank, is positive Hermitian, and satisfies certain symmetry  
properties (8). The most general matr ix  of this kind is not known explicitly, 
so that  for any particular example one may still find solutions that  belong to 
a smaller gauge group than the one originally considered. For some subgroups 
of S U~ we give conditions on the matr ix  M which characterize the reducibility 
of the gauge field. This shows how the instantons for the groups 0~, Sp, and 
SU~• SU~ appear in a natural  way as special cases in the SU, construction. 
These and other properties of the parameter  space for S U. instantons are 
discussed in sect. 5. 
2. - Definition and general properties of embeddlngs. 
The mathematical  problem of embedding a simple algebra ~ in a simple 
algebra (7 has been discussed by DYNKIN (1). 
(3) C. MEYERS, M. DE t~OO and P. SOI~BA: Nucl. Phys., 140 B, 533 (1978). 
(s) k. A. BV, LAVlN, ~. M. POLYAKOV, A. S. SCHW~TZ and Yu. S. TYUPKIN: Phys. 
.Lett., 59B, 85 (1975); E. WITT]~N: Phys. l~ev. Lett., 38, 121 (1977); G. 'T HOOFT: 
unpublished; R. JACKIW, C. NOHL and C. REBBI: Phys. Bev. D, 15, 1642 (1977). 
(4) F. WILCZEK: Phys. Zett., 65B, 160 (1976); R. C. YATES: Nuel. Phys., 123B, 
333 (1977); D. H. TCn~AKIAN and J. H. RAW~SLEY: J. Phys. A, 10, L195 (1977); 
u BI~IHAYE and J. NUYTS: Phys. J~ett., 66 B, 346 (1977). 
(5) F. 2~. BAIS and H. k. WELDON: University o~ Pennsylvania preprint (1978). 
(~) F .A .  BAIS and H. A. WELDON: University of Pennsylvania preprint (July 1978). 
(7) M. F. ATHAH, N. J. HITCmN, V. G. DRIN~ELD and Yu. I. MANIN: Phys. Left., 
65A, 185 (1978). 
(s) C. MEYERS and M. DE ROO: iVucl. Phys., 148 B, 61 (1979). 
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A faithful embedding of an algebra ~ in an algebra G is defined by an 
injeetive mapping ] of ~ into G: ~:-->f(X) e G for every 2~ e ~ such that 
(2.1) ]([)k, Y]) = [l();),  I (s  9 
Now let G be a semi-simple algebra and Z its Cartan subalgebra; let 
be a sublagebra of G w i th /~ its Cartan subalgebra. Then an embedding of 
into G is completely defined by a mapping from ~ into K:  
n 
(2.2) ](/ti) = ~./ikHk, i = 1, ..., l ,  
k=l  
where /~  and Hi are elements of /~ and K, respectively, 1 is the rank of 0 
and n the rank of G. 
~oreover, we have the relation 
(2.3) (](X), f(~z)) = j , ' (X ,  ~z), X,  ~eG,  
in which (X, :Y) = Tr ad X ad 1~ is the value of the Killing form for X and :Y. 
This relation determines a scalar factor Js independent of X, :Y which is called 
the Dynkin index of the embedding. The matrix [ftx] is called the defining 
matrix of the embedding. Obviously two equivalent cmbeddings have the 
same matrix []i~] and the same index js (two cmbeddings fl and/~ of ~ into G 
are equivalent if the algebras ]1(~) and/~(~) are conjugated by elements of G). 
In most cases, the indices corresponding to inequivalent embeddings arc dif- 
ferent and hence may be used to label the embeddings (1.9). When the indices 
of two inequivalent embeddings coincide, we must then refer to the defining 
matrices. 
By using an orthonormal basis for ~ and G, eq. (2.3) is equivalent to 
(2.4) ~/ i J ,n ,  = j,~i,n . 
k=l  
Note that in the case of G ~ S U~, the matrix []i~] becomes a vector []k], 
k : 1, ..., n, called the defining vector of the embedding. In this ease the 
index is given by 
J,= 
(9) M. LORENTE and B. GRUBER: Journ. Math. Phys., 13, 1639 (1972); B. GRV]~]~R 
and M. T. SAMU]~L: in Group Theory and its Applications, Vol. 3, edited by E. M. LOI~BL 
(New York, N.Y., 1975). 
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There are, for example, two inequivalent embeddings of SU~ in SU3 with 
Jl = 1 and Jl = 4, respectively. 
Some of the properties of this index are the following: 
i) jr is a nonnegative integer number. 
ii) I f  G~ _c G2 _c G3 are simple algebras, the index of G~ in G~ is the product 
of the indices of G~ in G2 and G~ in Ga: 
J , . / ,  = J~. / , . ' J , . I . .  9 
iii) If  ]1 ,  ]2 ,  " ' ' ,  /, are embeddings of a simple algebra ~ in the s imple  
algebra G and if 
[1 , ( :~) , /~(? ) ]  = 0 
for any couple of indices i r  and for any two elements ~Y, ~e  ~, then 
/ = f, + /~ + ... + / .  is again an embedding and j~ = j~, + Jl, + "" + Jl." 
~ow let us define what we mean by an embedding of a gauge field. Let A~ 
be a gauge potential on the Euclidean space E 4, defined by analytic func- 
a x tions At ( ) ,  
A,,(x) = A~(x)X~, 
where X~ are the generators of a compact gauge group G. Then the gauge 
potential A~,(x) of G is an embedding of H in G (or is reducible to H) if there 
exists a gauge in which A~,(x) belongs to the algebra ~%f of the proper sub- 
group H of G. 
If the gauge field A,  is an embedding of ~ in G, the Dynkin index of the 
embedding, J~/o, plays an important role in the calculation of the topological 
charge. The charge will be 
(2.6) q = Jb/q" ql ' 
where ql is the charge of At  considered as a G gauge field. This was shown for 
~ SU~ in ref. (lo), we shall now extend this result to arbitrary simple com- 
pact groups. 
The proof of (2.6) is most easily given by considering first the case of 
G ~ SU2. Let A~ be a SUs instanton solution with Pontryagin index ql. By 
the embedding ] of S U~ into G ~ S U2, we transform the solution A~(x)= 
t ~ ! __ A~'(x)/(X,) = A~,(x)X~, and obtain for the topo- - -A~(x)X~ into A~,(x)= , 
(10) K. M. BITAR and P. SORBA: ]::)hys. Rev. D, 16, 431 (1977). 
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logical charge 
1 : - f  f o. (2.7) q 16z: Tr F ,~]~d 'x  = [Tr(X~) ~] F,~_P~d x ,  
which can also been written, by using (2.5) and the orthonormality of the basis 
of G, TrX~X~= 2(~,, as 
lfo (2 .8 )  q = j,~-~ . F , ,~;~d 'x  = j,q~. 
Let us consider now the case in which ~ is larger than SU2. Then eq. (2.7) 
is still true because the basis of G is orthonormal. We shah use property ii) 
mentioned above with G~ = ~ and G8---- G. For G~ we take the S U2 of index 
one in ~, and we identify X~ with the Caftan generator of this S U~. We then find 
89 Tr (X~) ~ = J~,l~ = J~l~J~l~ = J~l~, 
so that (2.6) follows immediately from (2.7). 
3. - General characterization of  embeddings. 
Embeddings of gauge fields are defined up to a gauge transformation. This 
implies that  it may be very difficult to recognize mbeddings by  considering A~ 
only, since A ,  does not transform simply by conjugation under a gauge trans- 
formation. The field strength tensor does transform by conjugation, but it does 
not determine A ,  uniquely. Examples of tensors F,~ to which there corresponds 
more than one gauge potential (which are not gauge equivalent) are known (11). 
A characterization of a gauge field in terms of objects which under gauge 
transformation transform by conjugation has been given by Gu and YA~G (1~). 
They prove that for a G gauge field theory the gauge potential can be determined 
by the field strength tensor and its gauge derivatives D~lX~, DqD~F,~ ...~ 
up to p-th order, where 
(3.1) DqF~ -~ ~qF~-- i[Aq, F~] 
and where the integer p is at most the order of the group. In fact, for S U, 
and SUn p can be taken to be two, in general the smallest possible value of p 
is not known. 
(11) T. T. Wg and C. N. YA•G: .Phys. Rev. D, 12, 3843 (1975). 
('~) C. H. Gu and C. N. YANG: Soientia Siniaa, 2{), 47 (1977). 
524 e.  MEYERS,  M. DE  RO0 and i , .  SORBA 
In the spirit of the Gu-Yang theorem we can characterize mbeddings by 
the following theorem, which is proved in ref. (2): 
Theorem. Let~ be a G gauge field, where G is a compact group, on a simply 
connected open set of E 4 with an analytic gauge potential A~(x). I f  the field 
strength tensor F,~ and its covariant derivatives D~F~, DeD~F~, ... can be 
written in terms of a proper subalgebra J of ~, the Lie algebra of G, then 
there exists a gauge in which A~(x) can be written in terms of d/ ,  i.e. the field ~- 
is an embedding of the subgroup M of G in this open set. 
The theorem is general in the sense that it refers to quite arbitrary gauge 
field configurations, it is not restricted to solutions of the equations of motion. 
For  some applications, like instantons, one is interested in gauge fields defined 
on the compactified version of the Euclidean space S 4. To define a gauge field 
configuration in that  case, it is necessary to introduce a patch structure on S 4, 
and the global version of the theorem does not follow trivially from the local 
one given above. In ref. (2) we have shown that the conditions of the theorem 
stated above are, in fact, sufficient o generalize it to all of $4: on S 4 it is, there- 
fore, sufficient o consider/~ and its gauge derivatives in one simply connected 
open region. 
For practical purposes this theorem is perhaps not very useful. Its appli- 
cation involves the explicit calculation of many gauge derivatives. In the next 
section we shall, therefore, give criteria for embeddings which are based on 
the above theorem, but can be used explicitly for instanton solutions. 
4. - Pract ical  criteria for the reducibil ity of  gauge field configurations. 
To check the irreducibility of an explicit vector potential the theorem of 
sect. 3 is not of great practical use. I t  is, however, possible to formulate cri- 
teria in terms of F~,,(x) which can be used in explicit calculations. In ref. (2) 
we gave such criteria for the gauge group S U3, that  is to say we gave necessary 
and sufficient conditions for the irreducibility of a SU3 gauge field config- 
uration. This result was subsequently applied to prove that certain S Ua 
instanton solutions (5) were indeed irreducible, i.e. were not previously known 
S U~ solutions embedded in S U~. 
These criteria for S Us can in principle be generalized to larger groups. How- 
ever, from our S U3 result one realizes that any generalization to arbitrary 
groups must be extremely complicated. Part  of this complication arises from 
the Ul-subgroups, which are not considered in Dynkin's classification scheme~ 
and are difficult to keep track of. I t  would, therefore, be useful to exclude U1- 
subgroups, and thus consider only embeddings of semi-simple groups. 
Fortunately,  the exclusion of U~'s corresponds to a situation which is of 
physical interest. Let us restrict ourselves to analytic gauge field configurations 
on the compactified Euclidean space S 4, which satisfy the sourceless Yang- 
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Mills equations. This eliminates all U1 gauge groups, since for these groups a 
gauge field defined on S 4 must have at least one singularity. Thus we can then 
consider semi-simple algebras only, and in this case we can derive a sufficient 
condition for the irreducibility of a SUn gauge field. 
Let F(x) be any component, or a linear combination of components, of 
F~(x). I f  /~(x) is such that  between its eigenvalues there is only one linear 
relation with x-independent coefficients (namely Tr F(x) : 0), then the gauge 
field A~ of G ~ SUn is irreducible. 
We can take, without loss of generality, F diagonal and choose a basis of 
SUn such that  the Cartan algebra is represented by diagonal traceless matrices. 
Suppose that  A~ is reducible to a gauge group H, and that  there exist no other 
linear relations between the eigenvalues of F than the trace condition. Then ~f, 
the Lie algebra of H, contains at least the Cartan algebra of ~. This can be 
easily shown by taking linear combinations of matrices F(x) for different values 
of x. Since there are no linear relations besides the trace condition, all n -  1 
elements of the Cartan algebra of ~ can be obtained by such linear combina- 
tions and are, therefore, in ~.  The rank of ~ is, therefore, n -  1. 
We shall now show that  there are no semi-simple proper subalgebras 
of ~ of rank n -- 1. Let us first consider the case of a simple algebra g~. Then ~f  
must  be either SU,, Sp~ or 0~ for some value of p, or the algebra of an excep- 
tional group. For such algebras it is a simple matter  to show, by comparing 
their dimensions, that,  if they are of rank n-  1, they cannot be proper subal- 
gebras of S U,. Therefore, ~%f must be nonsimple. I f  5~f is also regular, it can- 
not be of rank n - -1 ,  since any regular subalgebras of SU,~ commutes with 
at least a U~ subalgebra. Therefore, ~ is nonregular and nonsimple. For  
our purposes it is sufficient to regard only maximal  subalgebras. For S U~ 
all nonsimple, nonregular, maximal  subalgebras are known (~), they are 
SU~,o| with n:pq  and where the subscripts q and p indicate the Dynkin 
indices of SU~ and SUo, respectively. The rank of such a subalgebra is p ~ q -- 2, 
while for SU,, it is pq-- 1. These ranks are equal only for p ---- q ~ 1, which 
is excluded. Therefore, no semi-simple proper subalgebra 5/z of rank n -  1 
exists in S U.. 
This proves that  our condition is indeed a sufficient condition for the irre- 
ducibility of A~. This criterion can be applied to S U, instantons with cylin- 
drical symmetry  which have been obtained by ]3AIS and WELDO]N (s). Since 
their solution is regular, it cannot be a gauge field of a subgroup which con- 
tains U~ factors. Since Fz~(x) constructed from their solution does not reveal 
any linear dependences beyond Tr F ~- 0, their solution must be an irreducible 
SU~ instanton. 
5. - Description of embeddings in the parameter space of instantons. 
A method to construct all self-dual solutions to the Euclidean Yang-Mills 
equations for compact Lie groups has been given by ATIYAH et al. (7). Their 
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construction can be formulated in terms of elementary operations on matrices 
which satisfy certain nonlinear constraints, and whoso dimensions depend on 
the order of the gauge group and the topological charge of the solution. This 
matrix formulation was made explicit by two groups (~s). We shall first present 
a version of this construction which was given by two of us (8) and which 
emphasizes the geometrical properties of the parameter space (see also ref. (~4)). 
We start from S U. instantons and consider all other groups as embed- 
dings in S U.. 
Let  us consider a matrix M, 4k • 4k, positive Hermitian, of rank n q- 2k, 
which has certain block symmetries: 
(5.1) M 
-- g 
0 /~ -- 0 + a + 
a+--~) v 0 
_ Q+ a 0 v _ 
The complex matr ices  #, v, Q and  a are k • k and  x- independent .  To parametr i ze  
the x-dependence,  we int roduce a 4k•  matr ix  Z: 
where X is the tensor product of 1 ~ with the quaternion x, 
(5.3) 
xo + ix3 i(xl -- ix~.) 1
X ~-  * 
i (x I -~ ix2) Xo-- ix  8 J 
Now let W be a 4k • n matrix satisfying 
(5.4) W ~ MW ~ 1 n, 
(5.5) W ~M Z ---- 0 .  
Then the S U,, gauge field 
(5.6) At -~ iW~ Mb~ W 
(la) E. F. CORRIGAN, D, B. FAIRLIE, S. TV,~IPL~TON and P. GODDARD: N~el. Phys., 
140B, 31 (1978); N. H. CHRIST, E. J. W~I~B~RG and N. K. STANTOU: Columbia 
University preprint (1978). 
(i~) V. G. DRIrrF~LD and Yu. I. MANIU: preprint ITEP-72-1978. 
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gives a self-dual field strength tensor/v,~ corresponding to a topological charge k. 
The self-duality is easy to prove by direct calculation. What  is difficult is to 
show that the construction gives all solutions, and that it is essentially unique, i.e. 
to every A~ there corresponds only one matrix M, up to some simple equiva- 
lences (7). Clearly, if W satisfies (5.4) and (5.5), then W'=WU(x) with U(x)eSUn, 
is again a solution. This freedom corresponds to gauge transformations of At.  




M-+ M' :  F*MF, 
W--> W' :  F-1W , 
and where K is an arbitrary invertible k • k complex matrix, the pairs (W', M') 
and (W, M) will give exactly the same A~. 
l~urthermore, we note that  we have to require the nonsingularity of the 
2k• matrix z~Mz for all x to avoid singularities of At.  
Using the transformations (5.7) we can choose in (5.1) 
(5.9) ff -]- v ----- 1/2k, 
so that  Tr M = 1 and that the remaining equivalences correspond to matri- 
ces I '  with K : U ~ SU~. The space of matrices M of unit trace, positive 
Hermitian and with the symmetric structure shown in (5.1) is a compact, 
convex set ~. The boundary of ~ is formed by matrices M of rank less thank 4k. 
In this construction we find all instantons of SU~k and of SU,~ for n > 2k 
(when S U~k is embedded canonically in SUn), the boundary contains the in- 
stantons of SUn, n < 2k, canonically embedded in SU~ (s). 
The parameter space of instantons of charge k is, therefore, the set ~,  
from which are eliminated all M for which Z ~ M Z is singular for some x, and 
in which are identified all points which are related by matrices P (see eq. (5.7)) 
with K~ SUk. This parameter space is, therefore, the orbit space associated 
with the action of SUn on ~ (minus singular points). 
Since this construction gives all instantons of SU~k, it is clear that  also all 
instantons of subgroups of SU~ will be obtained. Therefore, the problem of 
embeddings remains. If  we have a matrix M, satisfying all conditions, how 
can we be sure to find an At which is an irreducible SUn solution? Fortunately 
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there are some simple criteria on the matrices #~ v, ~ and ~ which characterize 
the embeddings of the groups Sp~v~ Om and SU~ • SU~. These criteria can be 
obtained if one starts from the instanton construction for these groups as given 
in ref. (x3), and translates the results in terms of our SUn formalism. 
Starting from the set ~ we have the following results: the gauge field cor- 
responding to M is an embedding of 
a) SU~ of Dynkin index one if the rank of M is n ~-2k.  
b) Sp~ if the rank of M is 2k ~ 2p and if on the orbit of M there is a 
point for which /~, v, ~ and a are symmetric matrices. 
c) 0~ for m~4 if k is even, if the rank of M is m -]- 2k, and if on the 
orbit of M there is a point for which #, v, ~ and a have the following block 
structure: 
where B and C are ant isymmetr ic complex matrices~ A is a complex matr ix  
(for # and v, which are Hermitian, of course C ---- B+). This is the 0~ embed- 
ding for which A~ is an ant isymmetr ic Hermit ian m • m matrix. 
d) SU~.I • SU~,~ (block structure of the Lie algebra; the subscript 1 refers 
to the Dunkin index) if the rank of M is 2k ~- p Jr q, and if on the orbit of M 
there is a point for which /~, 4, ~ and a have the block structure 
where A and B, for each of the matrices #, v, Q and 6, have dimensions kl • kl 
k. • k~, respectivcly~ with k ~ kl -~ k~. 
Other embeddings~ corresponding to higher Dynkin indices~ also exist. 
Their characterization involves more complicated supplementary conditions 
on #, ~ ~ and a. From the criteria given above we see that~ to recognize mbed- 
dings in the parameter  space of instantons~ we have to be able to recognize 
certain symmetry  properties of the matrices /t~ v~ ~ and 6, which may have 
been distorted by the unitary transformations of type (5.7). 
Let us look in more detail at the orbit space associated with the action 
of S Uk on 9 .  By construction all elements of ~ which are on the same orbit 
have the same little group (up to a conjugation). We say that  two orbits are 
equivalent if their little groups are conjugated. The orbit space is decomposed 
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in equivalence classes, which are called strata (15). For example, in the par- 
ameter space of instantons the matr ix M with #, v, ~ and a proportional to lk 
is an orbit, and is in a stratum, stabilized by SU, itself. In  general, a matr ix M 
will be stabilized only by the discrete sugroup Zk of S Uk. This can be made 
more precise by a theorem due to MONTGOMERY and YAN6 (~5): there is a 
stratum (called the generic stratum) which is open dense (in the topology of 
the orbit space), and for which the little group is included in all other little 
groups. In  this sense, M will (( almost always ~) be in the generic stratum and, 
to be in any other stratum, the matrices/t,  v, ~ and ~ must satisfy supplementary 
conditions. We shall show the following. 
I f  a matr ix M of rank n -[- 2k is not in the generic stratum, the correspond- 
ing gauge field configuration will be an embedding of SU~,.~ • SU~ for some 
n~ and n~ with n----n~-[-n2. 
To show this, let us consider a matr ix M which is not in the generic stratum. 
The little group of M contains at least a U~-subgroup of SUk. I f  we decompose 
and ~ in their Hermit ian and anti -Hermit ian parts, we see that  this Ul-group 
stabilizes a set of Hermit ian matrices Hi ,  i ~ 1, ..., 5, where the H,  stand for 
/~, v and the parts of ~ and a. We can always write H~ ~- l~(TrH~)/k -k H' 
where H~ is traceless and still Hermitian, so that  we have 
[A, H~] = 0 , i = 1, ..., 5, 
where A is the generator of the Ul-group. This means that  all H '  t are in a sub- 
algebra of the Lie algebra of S Uk which generates the stabilizing group of the 
element A. Now, if the group S Uk acts by conjugation on its Lie algebra, all 
stabilizers are direct products of S U~ groups and U1 factors, and can be put 
in block form by a SU, conjugation. This implies that  all Hi  and, therefore, 
#, ~, Q and a are in block form and, as we saw above in case d), this means that  
the gauge field is an embedding of a direct product of S U~-groups. This shows 
that, if M is not in the generic stratum, the gauge field is not an irreducible S U~ 
solution. Of course this does not mean that  there are no embeddings in the 
generic stratum. 
For  small k, the number of possible embeddings i small, and all possibilities 
can be considered explicitly. Let us take for instance k ---- 3. We then consider 
all instantons of charge 3 embedded in SUe. Since we know (see sect. 2) that  
the charge is proportional to the Dynkin index, only indices 1 and 3 can occur 
for simple groups. For semi-simple groups the sum of the indices must not 
exceed 3. The inclusions of possible embeddings among all the subalgebras 
(15) L. MICHEL: in Statistical Mechanics and Field Theory, Hai/a Summer School, 1971, 
edited by R. N. SEN and C. WEH, (New York, N.Y., 1972), p. 133. 
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of SUe are givml in the following table~u: 
x ,t S SU 
SU2, a SU2~t 
From the previous considerations we see that  all these embeddings can be 
characterized by condit ions on the parameter  space. 
9 R IASSUNTO (*) 
Si discute il problema degli incastonamenti elle teorie di gauge non abeliane. La (ir)ri- 
ducibilit~ di una eonfigurazione di campo di gauge ~ earatterizzata. Per il caso specifico 
di soluzioni a istantone, si deriva un criterio pratico per S U,. Nella costruzione generale 
di soluzioni autoduali a riducibilits del campo di gauge implica certe condizioni di sim- 
metria sullo spazio parametrico. Si determinano queste condizioni per incastona- 
menti Sp,,, O, e SO~ x S Uq. 
(*) Traduzione a eura della Redazione. 
TeopeTmcorpynnoatae acnegTta llHCTaHTOHOB. 
Pe3mMe (*). - -  Mbt o6cyx~aeM npo6JmMy Bue~pertrttt B Hea6eaem, I gann6poao~m~Ie 
TeopnrL PacCMaTpnBaeTcsE (He)I"IpHBO,~tLMOCTb rortd~HrypattmI gaJIrtfpoBo~Horo nOJI~. 
~JIa cIIeI2HaJIbHOrO cay~aa ItBCTatITOHH],IX pemettHi~ MbI BI~IBO~ttlVI IlpaKTH~IeCI(Itl~ KpH- 
Tepn~ ~I~ S U,. B o6meM cny~ae nprI KOncTpyHpoBaarlrI caMo~yaabrll~IX pemena~ 
IIpHBO~II1VIOCTb KaJIH~pOBOqHOFO IIOHH rto~paayMeBaeT oiipe~eJIeHmble ycJioBi~rl CrlM- 
MeTpHH Ha IIpOCTpaHCTBO llapaMeTpoa. Mbi onpe~enaeM 3Trl yCJIOBHH j~II~I BKJIIOqe- 
Hn~ Sp., On n S U~ • 8U~. 
(*) Hepeaec)eno pec)amtue~. 
